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(54) [Title of the Invention] ORGANIC EL ELEMENT 
(57) [Abstract] 

25 [Object] An organic EL element provided with heat resistance and weatherability is 
provided, which can realize stable physical properties, and in addition, mass 
productivity at low cost. 

[Means for Resolution] A hole injecting electrode, an electron injecting electrode, one 
or two or more kinds of organic layers relating to at least a light emitting function 
30 between these electrodes, and a hole injecting layer between the organic layer and the 
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hole injecting electrode are included. This hole injecting layer contains carbon as its 
main component, and is doped with one or two or more kinds of elements selected form 
B, Al, Ga, In, Tl, and As; or/and one or two or more kinds of compounds selected from 
nickel oxide, chromium oxide, ferrous oxide, and molybdenum oxide. 

5 

[Scope of Claims] 

[Claim 1] An organic EL element comprising: 

a hole injecting electrode; 

an electron injecting electrode; 
10 one or two or more kinds of organic layers relating to at least a light 

emission function between these electrodes; and 

an inorganic hole injecting layer between the organic layer and the 
hole injecting electrode, 

wherein the inorganic hole injecting layer contains carbon as its main 
15 component, and is mixed or doped with one or two or more kinds of elements selected 
from B, Al, Ga, In, Tl, and As; and/or one or two or more kinds of compounds selected 
from nickel oxide, chromium oxide, ferrous oxide, and molybdenum oxide. 
[Claim 2] An organic EL element according to Claim 1, wherein a film thickness 

of the inorganic hole injecting layer is 1 50 nm. 

20 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to an organic EL (electroluminescence) element, 
25 and for details, relates to an element emitting light by applying an electric field to a thin 
film made of an organic compound. 
[0002] 
[Related Art] 

An organic EL element has a structure in which a thin film including a 
30 fluorescent organic compound is interposed between an electron injecting electrode and 
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a hole injecting electrode, and generates an exiciter (exciton) by injecting electrons and 
holes into the thin film to recombine the electrons and the holes. Then, an element as 
the organic EL element emits light with use of emission of light 
(fluorescence/phosphorescence) in a case of deactivation of the exciton. 
5 [0003] 

As a feature of an organic EL element, the organic EL element can perform a 
plane emission with extremely high luminance of several 100 to several 10000 cd/m^ 
with a voltage of around 10 V, and can emit light of blue to red color by selecting a kind 
of a fluorescent substance. 
10 [0004] 

Incidentally, as an organic EL element, an element is known, which has a 
structure in which a transparent electrode containing tin doped indium oxide (ITO) is 
used as a hole injecting electrode and a tetraarylenediamine derivative is used as a hole 
injecting-transporting compound for a hole injecting-transporting layer and the like 
15 (Japanese Patent Laid-Open Publication No. S63-295695 and the like). 
[0005] 

However, when, for example, a layer of a tetraarylenediamine derivative such 
as i\r^^'^'4etrakis(-m-biphenyl)-l,r-biphenyl-4,4' -diamine is formed, directly on an 
ITO transparent electrode, there is a problem such as insufficiency of an emission 
20 lifetime due to crystallization of the tetraarylendiamine derivative and separation of the 
layers. 
[0006] 

In order to manage the problem, a layer containing 
4,4^4''-tris(-iV'-(-3~methylphenyl)-JV-phenylamino)trip (MTDATA) that is 

25 also a hole injecting-transporting compound is provided between the ITO transparent 

electrode and the layer containing tetraarylenediamnie to obtain hole injecting efficiency. 
Besides, improvement of adhesion of the both layers is performed (Japanese Patent 
Laid-Open Publication No. H4-308688). 
[0007] 

30 However, for example, a glass-transition temperature of 
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4,4\4''«tris(-N-(-3-niethylphenyl)TAr-phenylaniino)triphenylam is approximately 
80°C, and thus, heat resistance is insufficient. The organic EL element is practically 
used under high electric field intensity, and cannot prevent heat generation. Therefore, 
a defect of the heat resistance of an organic material such as 
5 4,4',4"-tris(-A^-(-3-methylphenyl)-i\r-phenylamino)triphenylamine is serious, and a 
problem of an insufficient emission lifetime is caused due to the defect. 
[0008] 

Further, when these organic materials and physical properties in an interface 
between the organic materials begin to be deteriorated, a false light emission 
10 phenomenon due to a leakage current is generated, and a non-light emission region, 
which is referred to as a dark spot, is generated and extended to remarkably damage 
display quality. 
[0009] 

Furthermore, the organic material used for a hole injecting layer, an electron 
15 injecting layer, and the like is relatively expensive. Therefore, in a case where the 
organic material is considered to be applied to a large display and mass-produced goods, 
cost reduction becomes an important problem. 
[0010] 

[Problems to be solved by the Invention] 
20 It is an object of the present invention to provide an organic EL element 

provided with heat resistance and weatherability, which can suppress generation of a 
leakage current and a dark spot, and realize stable physical properties and mass 
productivity at low cost. 
[0011] 

25 [Means for solving the Problems] 

The above object is achieved by a structure as follows. 

(1) An organic EL element includes a hole injecting electrode, an electron 
injecting electrode, one or two or more kinds of organic layers relating to at least a light 
emitting function between these electrodes, and an inorganic hole injecting layer 
30 between the organic layer and the hole injecting electrode, where the inorganic hole 
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injecting layer contains carbon as its main component, and is mixed or doped with one 
or two or more kinds of elements selected from B, Al, Ga, In, Tl, and As, and/or one or 
two or more kinds of compounds selected from nickel oxide, chromium oxide, ferrous 
oxide, and molybdenum oxide. 
5 (2) The organic EL element of the above (1) includes the inorganic hole 

injecting layer having a film thickness of 1 - 50 nm. 
[0012] 

[Embodiments of the invention] 

An organic EL element of the present invention includes a hole injecting 

10 electrode, an electron injecting electrode, one or two or more kinds of organic layers 
relating to at least a light emitting function between these electrodes, and an inorganic 
hole injecting layer between the organic layer and the hole injecting electrode. The 
hole injecting layer contains carbon as its main component, and is mixed or doped with 
one or two or more kinds of B, Al, Ga, In, Tl, and As, and/or one or two or more kinds 

15 of compounds selected from nickel oxide, chromium oxide, ferrous oxide, and 
molybdenum oxide. 
[0013] 

The inorganic hole injecting layer has a function for facilitating injection of 
holes from the hole injecting electrode, a function for transporting the holes stably, and 

20 a function for preventing electrons. This layer increases/shuts the holes injected into a 
light emitting layer, and optimizes a recombining region to improve light emitting 
efficiency. It is to be noted that, in addition to the inorganic hole injecting layer, a hole 
transporting layer (or a hole injecting-transporting layer) may be provided between the 
light emitting layer and the hole injecting electrode or the light emitting layer may be 

25 provided as a hole transporting-light emitting layer. 
[0014] 

The hole injecting layer is to be a layer using an inorganic material, whereby 
the heat resistance is improved, and then, a lifetime of an element and weatherability 
can be improved. The hole injecting layer uses a cheap and easily-available inorganic 
30 material, which is different from a relatively expensive organic substance. Therefore, 
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manufacturing becomes easy, and manufacturing cost can be reduced. In addition, 
connection and adhesiveness with the hole injecting electrode such as ITO become 
preferable by using the inorganic material in the hole injecting layer. Thermal 
diffusion also becomes preferable, and durability of the element and a lifetime thereof is 
5 improved- 
[0015] 

A thickness of the inorganic hole injecting layer is not particularly limited as 
long as the holes are injected efficiently. Specifically, the thickness of the inorganic 
hole injecting layer is different depending on a formation material; however, the 

10 thickness of 1 - 50 nm is generally preferable. When the inorganic hole injecting layer 
is provided on the side where light is extracted, it is preferable that emission wavelength 
bands be generally 400 - 700 nm, and especially light transmissivity with respect to 
each light emission be 50 % or more, preferably 70 % or more, and more preferably 80 
% or more. When transmissivity is lowered, light emission itself from the light 

15 emitting layer is attenuated and a tendency that luminance required for the light emitting 
element can not be obtained, is caused. 
[0016] 

A material forming the inorganic hole injecting layer contains carbon as its 
main component, and is mixed or doped with one or two or more kinds of elements 
20 selected from B, Al, Ga, In, Tl, and As, and/or one or two or more kinds of compounds 
selected from nickel oxide, chromium oxide, ferrous oxide, and molybdenum oxide. 
[0017] 

It is preferable that content of the element selected from B, Al, Ga, La, Tl, and 
As, which is described above, be 0.5 ^ 5 at%. It is preferable that each of the nickel 
25 oxide, chromium oxide, ferrous oxide, or molybdenum oxide of approximately 5-50 
at% in terms of a metal be subjected to mixing or doping. 
[0018] 

In a case of using sputtering as a method for which theses materials are 
subjected to mixing or doping, a target doped with theses materials may be used, a chip 
30 of these materials may be positioned over the target, or reactive sputtering or binary 
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sputtering may be employed. Further, these materials may be subjected to doping by 

an ion implantation method or the like after forming a carbon film. 

[0019] 

A film containing carbon as its main component, which is formed, is generally 
5 in a non-single crystal state. Such a film structure and a film composition can be 
confirmed by XRD (x-ray diffraction), EPMA (electron probe micro-analysis), or the 
like. 
[0020] 

The above inorganic hole injecting layer can be formed by using sputtering, 
10 plasma CVD, or the like. Above all, RF sputtering is preferable. 
[0021] 

In a case of forming the inorganic hole injecting layer by sputtering, as pressure 
of a sputtering gas in sputtering, a range of 0.1 - 1 Pa is preferable. As a sputtering 
gas, an inert gas such as Ar, Kr, and Xe, which is used in a general sputtering device, 
15 can be used. As electric power of the sputtering device, a rage of 10 100 W/cm^ is 
preferable. Further, as a film formation rate, a range of 5 - 100 nm/min, particularly 
10 - 50 nm/min, is preferable. 
[0022] 

It is preferable that a hole injecting layer (or a layer including a hole 
20 injecting-transporting substance except for a light emitting layer) made of an organic 
substance be not used for an organic EL element of the present invention when a hole 
injecting layer formed using the above insulating inorganic material is used. 
[0023] 

An example of a structure of an organic EL element of the present invention is 
25 described. FIGl is a schematic cross-sectional view showing an example of a 
structure of an organic EL element. In the view, the organic EL element of the present 
invention has a substrate 21, and a hole injecting electrode 22 such as ITO, an inorganic 
hole injecting layer 23, a light emitting layer 24, an electron injecting layer 25, and an 
electron injecting electrode 26, which are sequentially formed over the substrate. The 
30 organic EL element of the present invention is not limited to the structure of the 
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illustrated example, and various kinds of modifications and applications are possible. 
[0024] 

In a case of a color display, for example, an organic EL element may have a 
structure as follow: a first hole injecting electrode such as ITO, a first hole injecting 
5 layer, a first light emitting layer, a first electron injecting layer, and a first electron 
injecting electrode are sequentially stacked over a substrate; thereon, a second electron 
injecting layer, a second light emitting layer, a second hole injecting layer, and a second 
hole injecting electrode are sequentially stacked; and further thereon, a third hole 
injecting layer, a third light emitting layer, a third electron injecting layer, and a second 
10 electron injecting electrode are sequentially stacked. 
[0025] 

Alternatively, for example, an organic EL element may have a structure as 
follow: a first electron injecting electrode, a first electron injecting layer, a first light 
emitting layer, a first hole injecting layer, and a first hole injecting electrode are 

15 sequentially staked over a substrate; thereon, a second hole injecting layer, a second 
light emitting layer, a second electron injecting layer, and a second electron injecting 
electrode are sequentially stacked; and further thereon, a third electron injecting layer, a 
third light emitting layer, a third hole injecting layer, and a second hole injecting 
electrode are sequentially stacked. In this case, the electron injecting electrodes and 

20 the like secure light transmitting property. Therefore, each film thickness is preferably 
set to be 100 nm or less. It is to be noted that one or more layers of the above hole 
injecting layers may be an inorganic hole injecting layer. 
[0026] 

If necessary, a hole injecting-transporting layer or a hole transporting layer may 
25 be provided between each hole injecting electrode and hole injecting layer. 
Alternatively, an electron injecting-transporting layer or an electron transporting layer 
may be provided between each electron injecting electrode and electron injecting layer. 
Further, in the above laminated body, all of the hole transporting layers and/or the 
electron transporting layers of the present invention are/is not necessary to be formed as 
30 a layer, and one or more layer may be formed. In a case of a stracture in which a 



8/23 



English Translation of JPll-307259 



plurality of laminated bodies are stacked in such a maimer, by forming the hole 
transporting layers and/or the electron transporting layers of the present invention, heat 
resistance is improve, and weatherability is also improved because an organic layer is 
sandwiched between an oxide film or the like. 
5 [0027] 

These examples have a structure in which three laminated bodies each of which 
is one light emission unit are stacked and a full-color display by light emission of three 
primary colors or three primary colors is emitted simultaneously to serve as broad white 
light source. 
10 [0028] 

A hole injecting electrode has a generally structure in which light emitted from 
a substrate side is extracted; therefore, a transparent or semitransparent electrode is 
preferable. As a transparent electrode, ITO (tin doped indium oxide), IZO (zinc doped 
indium oxide), ZnO, SnOa, InaOa, or the like can be given, and ITO (tin doped indium 
15 oxide), IZO (zinc doped indium oxide) are preferable similarly to the above electron 
injecting electrode. 
[0029] 

When the hole injecting electrode is an electrode on the side where light is 
extracted, it is preferable that emission wavelength bands be generally 400 - 700 nm, 
20 and especially light transmission with respect to each light emission be 80 % or more, 
particularly 90 % or more. When transmissivity is lowered, light emission itself from 
the light emitting layer is attenuated and a tendency that luminance required for the light 
emitting element can not be obtained, is caused. 
[0030] 

25 A thickness of the hole injecting electrode is preferably in a range of 50 - 500 

nm, and more preferably in a range of 50 - 300 run so that the hole injecting electrode 
may have a predetermined thickness or more to sufficiently inject holes. Further, the 
maximum thereof is not particularly limited; however, an exceeding thickness causes 
fear of separation and the like. When the thickness is extremely thin, there is a 

30 problem in the point of film intensity, hole transporting ability, or a resistance value. 
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[0031] 

This hole injecting electrode layer can be formed by an evaporation method or 
the like; however, it is formed preferably by sputtering, in particular, by DC sputtering 
or pulse sputtering more preferably. 
5 [0032] 

An organic layer can have the following structure. A light emitting layer has 
a function for transporting holes (holes) and electrons and a function for generating 
excitions by recombination of the holes and electrons. It is preferable for a light 
emitting layer to use a compound that is electric neutral relatively* 
10 [0033] 

An electron injecting-transporting layer has a function for facilitating injection 
of electrons from an electron injecting electrode, a function for transporting electrons 
stably, and a function for preventing holes. This layer increases/shuts the electrons 
injected into the light emitting layer, and optimizes a recombination region to improve 
15 light emitting eflBciency. 
[0034] 

A thickness of the light emitting layer and a thickness of the electron 
injecting-transporting layer are not particularly limited and different depending on a 
forming method; however, each layer has preferably a thickness of approximately 5 
20 500 nm, in particular, 10 - 300 nm in general, 
[0035] 

A thickness of the electron injecting-transporting layer depends on a design of 
a recombining and light emitting region; however, a thickness of the electron 
injecting-transporting layer may be comparable with that of the light emitting layer or as 

25 approximately 1/10 - 10 times as that of the light emitting layer. When each injecting 
layer and transporting layer of electrons is separated, it is preferable that the injecting 
layer be 1 nm or more, and the transporting layer be 1 nm or more. The maximum 
thickness of each of the injecting layer and the transporting layer in this point is 
respectively approximately 500 nm and approximately 500 nm. When two 

30 injecting-transporting layers are formed, each film thickness is the same as the above. 
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[0036] 



In a light emitting layer of an organic EL element, a fluorescent substance that 
is a compound having a light emitting function is contained. As such a fluorescent 
substance, for example, at least one selected from compounds such as quinacridone, 
5 rubrene, styryl based pigments, which are compounds disclosed in Japanese Patent 
Laid-open No. S63-264692, can be given. Further, a quinoline derivative such as 
metal complex pigments in which 8-quinolinol such as tris(8-quinolinolato)aluminum or 
a derivative thereof is ligands; tetraphenylbutadiene; anthracene; perylene; coronene; a 
12-phtaloperinon derivative; or the like can be given. Furthermore, a phenylantracen 
10 derivative of Japanese Patent Application No. H6-110569, a tetraaryl ethene derivative 
of Japanese Patent Application No, H6-114456, or the like can be used. 



It is preferable to use the fluorescent substance by combining with a host 
substance that is capable of emitting light by itself, and the fluorescent substance is 

15 preferably used as dopant. In such a case, content of a compound in a light emitting 
layer is preferably 0.01 20 wt%, and further preferably 0.1 - 15 wt%. When the 
fluorescent substance is used by being combined with the host substance, emission 
wavelength characteristics of the host substance can be changed. Then, light emission 
shifted to a longer wavelength can be performed, and light emitting efficiency and 

20 stability of an element is improved. 



As a host substance, a quinolinolato complex is preferable. Furthermore, an 
aluminum complex in which 8-quinolinol or a derivative thereof is ligand, is preferable. 
As such an aluminum complex, one disclosed in Japanese Patent Laid-Open No. 
25 S63-264692, Japanese Patent Laid-Open No. H3-255190, Japanese Patent Laid-Open 
No. H5-70733, Japanese Patent Laid-Open No. H5-258859, Japanese Patent Laid-Open 
No. H6-215874, and the like, can be given. 



[0037] 



[0038] 



[0039] 

Specifically, 
30 bis(8-quinolinolato)magnesium. 



first. 



tris(8-quinolinolato)aluminum, 
bis(benzo{f}-8-quinolinolato)zinc. 
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bis(2-methyl-8-quinolinolato)aluminum oxide, tris(8-quinolinolato)mdium, 
tris(5-methyl-8-quinoIinolato)alurainum, B-quinolinolato-Iithium, 
tris(5~chloro-8-quinolinolato)galliura, bis(5-chloro-8-quinolinolato)caldum, 
5,7-dichloro-8~qumolinolato-aluminum, 
5 tris(5J-dibromo--8-hydroxyquinoliEolato)aluminuni, 

poly[zmc(n)-'bis(8--hydroxy-5-qumolinyl)methane], or the like are given. 
[0040] 

Further, in addition to 8~quinolinol or a derivative thereof, an aluminura 
complex having other ligands may be employed. As such an aluminum complex, 

10 bis(2"methyl-8"quinolinolato)(phenolato)aluminum(in), 

bis(2-methyl-8-quinolinolato)(ortho-cresolato)aluminum(ni), 
bis(2-methyl~8-quinolinolato)(meta-cresolato)aluminum(III), 
bis(2-methyl"8-quinolinolato)(para-cresolato)aluminum(III), 
bis(2~methyl-8"quinolinolato)(ortho-phenylphenolato)aluniinum(ni), 

15 bis(2-methyl-8-quinolinolato)(meta-phenylphenolato)aluminum(III), 
bis(2-"methyl-8-quinolinolato)(para-phenylphenolato)aluminum(lII), 
bis(2-raethyl-8-quinolinolato)(2,3-dimethylphenolato)aluminum(ni), 
bis(2-methyl-8-quinolinolato)(2,6-dimethylphenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(3,4-dimethylphenolato)aluminum(III), 

20 bis(2-methyl-8-quinolinolato)(3,5-dimethyl-phenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(3,5-di-/er/-butylphenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(2,6-diphenylphenolato)aluminum(in), 
bis(2-methyl-8-quinolinolato)(2,4,6-triphenylphenolato)aluminum(lII), 
bis(2-methyl-8-quinolinolato)(2,3,64rimethylphenolato)aluminum(ni), 

25 bis(2-methyl-8-quinolinolato)(2,3,5,64etramethylphenolato)aluminum(III), 
bis(2-methyl-8-quinolinolato)(l-naphtholato)aluminum(III), 
bis(2-methyl'-8-quinolinolato)(2-naphtholato)aluminum(III), 
bis(2,4-dimethyl-8-quinolinolato)(ortho-phenylphenolato)aluminum(in), 
bis(2,4-dimethyl-8-quinolinolato)(para-phenylphenolato)aluminum(III), 

30 bis(2,4-dimethyl-8-quinolinolato)(meta-phenylphenolato)aluminum(in). 
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bis(2,4-dimethyl-8-quinolinolato)(3,5-diniethylphenolato)aluminuni(ni), 
bis(2,4-dimethy^8-quinolinolato)(3,5-di-^e^^butylphenolato)al^ 
bis(2~methyI--4--ethyl~8-quinolinolato)(para-cresolato)alurainum(III), 
bis(2~methyl-4-methoxy-8-quinolinolato)(para-phenylphenolato)aluminum(III), 
5 bis(2-methyl-5-cyano-8-quinolinolato)(ortho-cresolato)aluniinira 

bis(2-methyl-6"trifluoromethyl-8~quinolinolato)(2-naphtholato^ or the 

like are given. 

[0041] 

In addition, 
10 bis(2-methyl-8-quinolinolato)aluniinuni(in)-^-oxo-bis(2-^ 
num(III), 

bis(2,4-diniethyl-8-quinolinolato)aluniinum(III)~^-oxo-bis(2,4-^ 
)aluminum(III), 

bis(4-ethyl-2-niethyl-8-quinolinolato)aluniinuni(in)-^-oxo-bis(4-ethyl-2-niethyl^ 
15 olinolato)alunMnum(III), 

bis(2-niethyl-4-methoxyquinolinolato)aluniinum(III)-^~oxo^^ 
nolinolato)aluininum(in), 

bis(5-cyano-2-niethyl-8-quinolinolato)aluminuna(III)-^-oxo-bis(5-cyano-2-niethyl-8 
nolinolato)aluniinum(III), 
20 bis(2-naethyl-5-trifluoromethyl-8-quinolinoIato)aluminuni(III^^ 

fluoromethyl-8-quinolinolato)aluminum(nr), or the like may be employed. 
[0042] 

As for other host substances, a phenylanthracene derivative described in 
Japanese Patent Application No. H6-110569, a tetraaryl ethene derivative described in 
25 Japanese Patent Application No. H6-114456, or the like are preferable. 
[0043] 

A light emitting layer may serve as an electron transporting layer. In such a 
case, it is preferable to use tris(8~quinolinolato)aluminum or the like. These 
fluorescent substances may be evaporated. 
30 [0044] 
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In addition, it is preferable that a light emitting layer be a mixed layer of at 
least one kind of hole injecting-transporting compounds and at least one kind of electron 
injecting-transporting compounds as needed. Furthermore, it is preferable that dopant 
be contained in this mixed layer. Content of the compounds in such a mixed layer is 
5 0.01 - 20 wt%, and further, 0.1 - 15 wt% is preferable. 
[0045] 

Since a hopping conduction pass of carriers can be performed in the mixed 
layer, each carrier is transferred in a substance that is advantageous to polarity, and 
carrier injection of opposite polarity is hardly generated. Therefore, an organic 

10 compound is hardly damaged to improve lifetime of an element as an advantage. A 
characteristic of a light emission wavelength of the mixed layer itself can be changed by 
containing the above dopant in such a mixed layer. As well as shifting a light emission 
wavelength to a longer wavelength, light emission intensity can be increased and 
stability of an element can be improved. 

15 [0046] 

A hole transporting compound and an electron transporting compound, which 
are used in a mixed layer, may be respectively selected from compounds for a hole 
transporting layer and compounds for an electron transporting layer described below. 
Above all, as a compound for a hole transporting layer, it is preferable to use an amine 
20 derivative having strong fluorescence, for example, a triphenyldiamine derivative that is 
a hole transporting material; a styrylamine derivative; and an amine derivative having 
an aromatic condensed ring. 
[0047] 

As for a compound having an electron transporting property, it is preferable to 
25 use a quinoline derivative; and further, a metal complex in which 8-quinolinol or a 
derivative thereof is ligands, in particular, tris(8-quinolinolato)alumiaum (Alq3). 
Further, it is also preferable to use the phenylanthracene derivative and the tetraaryl 
ethene derivative described above. 
[0048] 

30 As for a compoimd for a hole transporting layer, it is preferable to use an amine 
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derivative having strong fluorescence, for example, a triphenyldiamine derivative; a 
styrylamine derivative; and an amine derivative having an aromatic condensed ring, 
which are the above hole transporting material. 
[0049] 

5 Mixture ratio in such a case depends on each carrier mobility and carrier 

concentration. However, it is preferable that weight ratio of a compound of a hole 
transporting compound/a compound having an electron transporting function be 
generally set to be about 1/99 - 99/1, more preferably, 10/90 - 90/10, and further more 
preferably, about 20/80 - 80/20. 
10 [0050] 

It is preferable that a thickness of the mixed layer be the same thickness or 
more as one layer of a molecular layer; and be also less than a film thickness of an 

organic compound layer. Specifically, a thickness of 1 - 85 nm is preferable, further, 5 
- 60 nm, and particularly, 5 - 50 nm is preferable. 
15 [0051] 

As a method for forming the mixed layer, co-evaporation in which evaporation 
is performed by different evaporation sources, is preferable. However, when vapor 
pressure (an evaporation temperature) of evaporation sources are a comparable level or 
extremely close to each other, the different sources can be mixed in a same evaporation 

20 board in advance to perform evaporation. It is preferable for the mixed layer that 
compounds be equally mixed; however, the mixed layer may have island-shape 
compounds in some cases. As a light emitting layer, an organic fluorescent substance 
is generally evaporated or dispersed in a resin binder to perform coating; whereby, the 
light emitting layer is formed to have a predetermined thickness. 

25 [0052] 

As a preferable substance for the light emitting layer, particularly, an aluminum 
complex in which 8-quinolinole or a derivative thereof is ligands, and a mixed layer in 
which a tetraaryl benzidine compound is doped with a fluorescent substance such as 
rubrene and coumarine, are given. Such a mixed layer has a mixture ratio where an 
30 aluminum complex : a tetraaryl benzidine compound is about 1 : 1 by mixing. Then, 
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this mixed layer is preferably doped with a doping fluorescent substance such as 

rubrene at 0.01 - 20 mol%. 

[0053] 

In addition to an inorganic hole injecting layer of the present invention, in a 
5 case of forming an organic hole injecting-transporting layer, for example, various 
organic compounds disclosed in Japanese Patent Laid-Open No. S63-295695, Japanese 
Patent Laid-Open No. H2-191694, Japanese Patent Laid-Open No. H3-792, Japanese 
Patent Laid-Open No. H5-234681, Japanese Patent Laid-Open No. H5-239455, 
Japanese Patent Laid-Open No. H5-299174, Japanese Patent Laid-Open No. H7-.126225, 

10 Japanese Patent Laid-Open No. H7-126226, Japanese Patent Laid-Open No. H8-100172, 
EP0650955A1, and the like can be used for a hole injecting-transporting layer. As 
examples thereof, a tetraaryl benzidine compound (triaryldianme or triphenyldiamine: 
TPD), aromatic tertiary amine, a hydrazone derivative, a carbazole derivative, a triazole 
derivative, an imidazole derivative, an oxadiazole derivative having an amino group, 

15 polythiophene, and the like are given. One kind of these compounds may be used, and 
two or more kinds of these compounds may be together used. When two or more 
kinds are used together, layers may be independently formed for each compound to be 
stacked, or the compounds may be mixed. 
[0054] 

20 In an electron injecting-transporting layer that is provided as needed, a 

quinoline derivative including an organic metal complex in which 8-quinole or a 
derivative thereof is ligands such as tris(8-quinolinolato)aluminum (Alq^), an 
oxadiazole derivative, a perylene derivative, a pyridine derivative, a prydimidine 
derivative, a quinolxaline derivative, a diphenylquinone derivative, a nitro-substituted 

25 fluorine derivative, or the like can be used. An electron injecting-transporting layer 
may serve as a light emitting layer. In such a case, it is preferable to use 
tris(8-quinolinolato)aluminum or the like. A formation of an electron 
injecting-transporting layer depends on evaporation or the like, which is similar to a 
light emitting layer. 

30 [0055] 
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In a case where an electron injecting-transporting layer is divided into an 
electron injecting layer and an electron transporting layer, a preferable combination 
selected from compounds for the electron injecting-transporting layer can be used, and 
an electron injecting layer using the above insulating material can be used by combining. 
5 At this time, it is preferable to stack layers in order of compounds having a large value 
of electron affinity from an electron injecting electrode. Such an order of stacking 
layers is also employed in the case of providing two or more electron 
injecting-transporting layers. 
[0056] 

10 After forming each layer having an organic EL structure, a protective film 

using an inorganic material such as SiOx, an organic material such as Teflon and a 
fluorocarbon polymer including chlorine, or the like may be formed. The protective 
film may be transparence or opacity, and a thickness of the protective film is about 50 - 
1200 nm. The protective film may be formed by, in addition to the above reactive 

15 sputtering, commonly sputtering, an evaporation method, a PECVD method, or the like. 
[0057] 

Further, it is preferable that a sealing plate be provided over an element to 
prevent an organic layer and electrodes in the element from oxidization and mechanical 
damage. The sealing plate is attached and sealed with an adhesive resin or the like to 

20 prevent intrusion of moisture. An inert gas such as Ar, He, and N2; or the like is 
preferable for a sealing gas. Water content of this sealing gas is preferably 100 ppm or 
less, more preferably 10 ppm or less, and especially, 1 ppm or less. There is not a 
lower limit for this water content particularly; however, an ordinary lower limit is about 
0.1 ppm. 

25 [0058] 

As a material for a sealing plate, and a transparent or semi-transparent material 
such as glass, quartz, and resin can be given, which has preferably a flat shape. In 
particular, glass is preferable. Although alkali glass is preferable as such a glass 
material, in addition, a glass composition such as soda lime glass, lead alkali glass, 
30 borosilicate glass, aluminosilicate glass, or silica glass is also preferable. As a method 
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for forming the plate, a roll-out method, a down load method, a fusion method, a float 
method, and the like are preferable. As a surface treatment method for the glass 
material, polishing and process treatment, Si02 barrier coating treatment, or the like is 
preferable. Among these, a glass material without surface treatment, which uses a 
5 soda lime glass formed by a float method, is preferable because it can be used 
inexpensively. As a sealing plate, in addition to a glass plate, a metal plate, a plastic 
plate, or the like can also be used. 
[0059] 

As a sealing plate, a height thereof may be adjusted by using a spacer, and a 
10 desired height may be hold. As a material of a spacer, resin beads, silica beads, glass 
beads, glass fibers, or the like can be given. In particular, glass beads or the like is 
preferable. A spacer is ordinarily particles having a uniform grain diameter. 
However, a shape thereof is not particularly limited, and various shapes may be 
employed as long as they do not obstruct a function as a spacer. As a size thereof, a 
15 diameter in terms of a circle is preferable 1-20 |im, more preferably 1-10 |xm, and 
especially, 2-8 |xm. It is preferable that such a diameter have a grain length of about 
100 |im or less. Though a lower limit thereof is not particularly controlled, an ordinary 
lower limit is about 1 }xm. 
[0060] 

20 In a case where a recess is formed in a sealing plate, a spacer may be used or 

not. As a preferable size in the case of using a spacer, the above range may be 

employed; however, a range of 2 - 8 jJim is particularly preferable. 
[0061] 

A spacer may be mixed in a sealing adhesive in advance or may be mixed when 
25 attaching. Spacer content in the sealing adhesive is preferably 0.01 - 30 wt%, and 
more preferably 0.1 - 5 wt%. 
[0062] 

An adhesive is not particularly limited as long as it holds stable adhesive 
intensity and airtightness is preferable. However, it is preferable to use an UV 
30 curing-epoxy resin adhesive of cation curing type. 
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[0063] 

A material of a substrate is not particularly limited and can be approximaterly 
determined depending on a material of electrodes in a stacking organic EL structure or 
the like. For example, a metal material such as Al, a transparent or semi-transparent 
5 material such as glass, quartz, or resin, or an opaque material may be employed. In 
this case, in addition to glass, ceramics such as alumina, a material in which insulating 
treatment such as surface oxidization to a metal sheet such as stainless is performed, a 
thermosetting resin such as a phenolic resin, a thermoplastic resin such as polycarbonate, 
or the like can be used. 
10 [0064] 

A color filter film, a color conversion film containing a fluorescent substance, 
or a derivative reflective film may be used over a substrate to control light emitting 
color. 
[0065] 

15 A color filter used in a liquid crystal display and the like may be used in the 

color filter film. Characteristics of the color filter may be adjusted in accordance with 
light emitted from an organic EL element, and extraction efficiency and color purity 
may be optimized. 
[0066] 

20 When a color filter is used, which can cut outside light of a short wavelength of 

which light is absorbed by an EL element material and a fluorescent conversion layer, 
light resistance of an element and contrast of a display is improved. 
[0067] 

Further, an optical thin film like a derivative multilayer film may be used 
25 instead of a color filter. 

[0068] 

A fluorescent conversion filter film absorbs light of EL light emission and 
emits light from a fluorescent substance in a fluorescent conversion film so that color 
conversion of light emission color is performed. A composition is formed from three 
30 of a binder, a fluorescent material, and a light absorption material. 
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[0069] 

A fluorescent material that has basically high fluorescent quantum yield may be 
used, and it is desirable that the material have strong absorption in an EL emission 
wavelength region. In practice, laser pigment or the like is suitable, and a 
5 rhodamine-based compound, a perylene-based compound, a cyanine-based compound, 
phthalocyanine-based compound (including sub-phthalocyanine or the like), 
naphthaliimide-based compound,- a condensed ring hydrocarbon-based compound, a 
condensed heterocyclic-based compound, a styryl-based compound, a coumarine-based 
compound, or the like may be used. 
10 [0070] 

As a binder, a material that does not basically quench fluorescence may be 
selected. The binder in which minute pattering can be performed by photolithography, 
printing, or the like, is preferable. Further, a material that is not damaged when 
depositing of ITO and IZO, is preferable. 
15 [0071] 

When light absorption of a fluorescent material is insufficient, a light 
absorption material is used; however, it may not be used if unnecessary. A light 
absorption material that does not quench fluorescence of the fluorescent material may 
be selected. 
20 [0072] 

Since a homogeneous thin film can be formed in a formation of a light emitting 
layer and an electron injecting-transporting layer, a vacuum evaporation method is 
preferably used. In a case of using a vacuum evaporation method, a homogeneous thin 
film in which an amorphous state or a grain size is 0.1 \mx or less, can be obtained. 
25 When the grain size exceeds 0.1 [xm, heterogeneous light emission is generated, a 
driving voltage of an element is required to be increased, and then, injection efficiency 
of an electric charge is remarkably reduced. 
[0073] 

A condition of vacuum evaporation is not particularly limited; however, it is 
30 preferable that a degree of vacuum be set to be 10"^ Pa or less, and an evaporation rate 
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be set to be about 0.01 - Inm/sec. In addition, it is preferable that each layer be 
formed in succession in vacuum. By a formation in succession in vacuum, impurities 
are prevented from adsorbing to an interface of each layer, and then, high characteristics 
can be obtained. Further, a driving voltage of an element can be reduced, and 
5 generation and development of a dark spot can be suppressed. 
[0074] 

In a case of using a vacuum evaporation method to form each of these layers, 
when a plurality of compounds is contained in one layer, it is preferable that each boat 
containing a compound be co-evaporated by individually controlling a temperature. 
10 [0075] 

In an organic EL element, a direct current driving, a pulse driving, or the like is 
performed, and an applied voltage is ordinarily about 2 30 V. 
[0076] 
[Example] 

15 Hereinafter, a specific example of the present invention is shovm with a 

comparative example, and the present invention is explained in further detail, 

[0077] 

<Example 1> 

Over a glass substrate, an ITO transparent electrode-thin film was formed to 
20 have a thickness of 100 nm by RF sputtering and pattemed. This glass substrate with 
the ITO transparent electrode was subjected to ultrasonic cleaning with the use of 
neutral detergent, acetone, and ethanol, and pulled up from boiling ethanol to be dried. 
After a surface of the transparent electrode was subjected to UV/O3 cleaning, the glass 
substrate was fixed in a substrate holder in a vacuum evaporation device to reduce 
25 pressure to 1x10"^ Pa or less in a tank. 
[0078] 

Next, the glass substrate was shifted to another sputtering device with keeping 
a state of pressure reduction, and an inorganic hole injecting layer was formed to have a 
thickness of 10 nm with sputtering pressure of 0.5 Pa. In this case, Ar was used for a 
30 sputtering gas, injecting electricity was set to be RF 100 W, and the formed film 
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contained carbon as its main component. To this film, one or two or more kinds of 
elements selected from B, Al, Ga, In, Tl, and As; or one or two or more kinds of 
compounds selected from nickel oxide, chromium oxide, ferrous oxide, and 
molybdenum oxide was deposited, in which B, Al, Ga, In, Tl, or As was contained at 0.5 
5 - 5 at%; or in which nickel oxide, chromium oxide, ferrous oxide, or molybdenum 
oxide was respectively contained at about 5-^50 at% in terms of a metal. Further, the 
deposited film had a state in which microcrystal was mixed with amorphous. 
[0079] 

In addition, while pressure reduction was kept, 
10 JV',Ar'4etrakis(m-biphenyl)-l,l'"biphenyl-4,4'-diamine (TPD) and 

tris(8-quinolinolato)aluminum (Alq^) were mixed at 1 : 1, and were doped with 5 mol% 
of rubrene having the following structure to be evaporated by a total evaporation rate of 

0.2 nm/sec to have a thickness of 40 nm, so that a light emitting layer was formed. 
[0080] 

15 [Chemical Formula 1] 
[0081] 

Furthermore, while pressure reduction was kept, tris(8-quinolinolato)aluminum 
(Alq*^) was evaporated by an evaporation rate of 0.2 nm/sec to have a thickness of 30 
nm, so that an electron injecting-transporting layer was formed. 
20 [0082] 

Next, while pressure reduction was kept, Mg and Ag (weight ratio was 10 : 1) 
was evaporated by an evaporation rate of 0.2 nm/sec to have a thickness of 100 nm, so 
that an electron injecting electrode was formed. Then, Al was evaporated to have a 
thickness of 100 nm as a protective electrode to obtain an organic EL element. 
25 [0083] 

Finally, the glass sealing plate was attached, so that an organic EL element was 

formed. 
[0084] 

As a comparative sample, 

30 iV',Ar'-diphenyl-iV'X-bis[Ar-(4-methylphenyl)-iS^-phenyl-(4-aminophen 
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-4^4' -diamine was evaporated by an evaporation rate of 0.2 nm/sec to have a thickness 
of 50 nm over the ITO hole injecting electrode, so that a hole injecting layer was formed. 
Then, tris(8~quinolinolato)alundnura (Alq^) was evaporated by an evaporation rate of 
0.2 nm/sec to have a thickness of 50 nm, so that an electron injecting-transporting and 
5 light emitting layer was formed. In other than this point, a comparative sample was 
manufactured in the same maimer with the above. 
[0085] 

When a direct current voltage was applied to each organic EL element and 
constant current driving of 10 mAJcm was performed, light emission equal to that of 
10 conventional comparative samples can be confirmed. Further, generation of a leakage 
current and a dark spot can not be confirmed. 
[0086] 

[Effect of the Invention] 

In accordance with the present invention as described above, an organic EL 
15 element provided with heat resistance and weatherability can be provided, which can 
suppress generation of a leakage current and a dark spot, and realize stable physical 
properties and mass productivity at low cost 
[Brief Description of the Drawing] 

[FIG 1] is a view schematically showing an example of a structure of an organic EL 
20 element of the present invention. 
[Explanation of References] 

21: substrate; 

22: hole injecting electrode; 
23: inorganic hole injecting layer; 
25 24: light emitting layer; 

25: electron injecting layer; and 
26: electron injecting electrode. 
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8-^/yy7h) ;^fy^>i^. t';^ (s-^'dd-s- 

=^yy/7h) ;*/!/C/^7i=,, 5, 7 -v^y nyP- 8 
/ y /7 bT/v?=-!?A, hy;^ (5, 7-v?::^~n^- 



(II) -If:^ (8-b Kn:3^v'-5~=¥y y^/i-) ^ 

[0 0401 ^fc. s-^/ V /—/i-^tat^(Dm^Mi^ 

h^<. r.(Dj:5 7i^>(7)t LTfi. if;^ i2-/^/u- 
s-^y V y y h) {yz^jyV) r/i-^:=-!>iN(iii) 

(III) . If';^ (2-;^^/i/-8-:3py y y ^ Is) {,<y 
-^uy'yh) T/u^::z.tyM.{iii) ^ {2-y^)V 
-8-=¥y y y y h) {y^jvy-y =c=z,)vy :x. y y v) 
Tyi^s:=Lr>A(iii) . (2-y^/^-8-^y V y 

y h) {y^-~-y:x,:=^)\^y:x,yy}^) T;^'5^^7i^(II 

I) , \^ys {2~yi^/u~~8-~^y V y y h) {y<y- 
y :sL:=:-)Vy zr. y y V) T )V^z=.^ j>.{xii) , \^y. (2- 
y^/W--8-:3r/ y (2, 3-V>y^/U:7:r/ 
^ h) T/W5nT>A(III) , tf;^ (2-7<^/V^-8-=3f. 

/yy^h) (2, 6~V^y^/V:7:x/y h) Tyl^$:=^ 

!>iN(iii) . t:';^ {2-yf-jv-8-^y^)yyV) 

(3, 4~v^yf-/W:7aiy y h) T/W$rzr>A(III) . 

{2-y'^)V-8-^yy) yyy) (3, 

^/W^oi/yb) T/l-^:=^!>A(III) . tf;^ (2-yf- 
yv-8~~^y y y y h) (3, S-v^-tert-y^^^^/l-y 
^yyh) Tyi^^ =^'>i^(III) . tf;^ (2-y^/i-~8 
-^yyyyh) (2, 6-e^:7^n/wy:xy y h) r 

;l/$:::ir>i,(ni) , fc*;^ ( 2 ^/U-- 8 -^^y y y y 

h) (2, 4, 6- b y y3iriyl.y:xy y h) T/V5:=. 

!>A(iii) . tr^;^ (2-~yf^/i'"8-~^y y y y h) 
(2, 3, 6-hyy^/i^y:xyy h) Tyw$^^7i,(i 

II) . \fy^ (2-y^/w-8-"^y y y y h) (2, 

3, 5, 6-xhyy^/V':73iyy h) T/l-$:=:^!j7i^(I 

II) . "dy^ (2-~-yf"/v~8-^y y y y h) (i-t- 

:7hyh) T/w^^l>A(III) , \fy. (2"y^/i--8 

-^yyyyh) (2-:^y^y^) tjv^:=~'0 
I) . t:^;^ (2, 4-v>y^/v-~-8-:35.y yyy h) 

(:t/Vh-yrcn;i/yaiy y h) T;l^5 ^^i^ (HI) . 

fc^^y^ (2, 4-v^y ^/v- 8 -^y y y y b) (/^y-" 

y:n=:/Wy:ny y h) T/U $ r:^ "i? (Hi) , tf^X (2, 

4-i>yf^/v-8-=3f.y y y ^ Is) ^ -y :^-)vy 
rcyyh) T/i^$nr:^A(iii) . tf^;?^ (2, 4-i^y^ 

/ix-^8-=¥y y y y h) (3, s-v^y ^yv:7:ny y 

|s) T/l- 5 A (III) . tT^;^ (2, 4-V^y^/l— 8 

-~=¥yyyyh) (3, s-v^-tert-y^f^/i^y^iy y 

h) T/W5nr>A(III) . tf;^ (2-y^/W-4-ni5^ 
/w-8~:3ry y y y h) {^^y-^x^^^yV) T/i^?^ 
'^AQlD , tfy; (2-y ^;v-4-y b^v'-8~^ 
yyyyh) (/^y-y^:=i/wyniy y b) T/W^:=-^7 

A (III) , \^y^ {2-yf-jv-5-i/Ty-8-^y^) 



yyV) {yr;vV-^\^y^yV) r/v^=-^J>^{lll) . 
)fy^ {2-y'f'/u~~6~- hV yyi^yt-tiyf-zu-s-^y 

])yyh) (2-:^yhy^) T/i-$=-'j7i^(iii) ^/js 

[0 0 4 1] z(Dmi)\ tr;^ (2~yf=-/w-8-:^y y 
yyh) T/V'^:=-^^A(iii) - fx-:t^y-\fy (2- 
y^/t^-8-=^y y y y h) t/w5:::^^7A(iii) . ify. 

(2, 4"S>y^/i/~8-=¥y y y y h) T/i-^:=^i>A 
(III) -/z-:t^y-tf;^ (2, 4-e^y^/i^-8-^ 
yyyyb) t/v$:=^!J7^(iii) . }fys {^^ol^jv- 
2-yf'/u-8-^y V y y h) T/uz=^^M.iui) - 
ii~~yr^y~\fy^ (4~^^/i/-2-y f^/U'"8-^y 

yyyh) T/l^5::=.^7A(III) , \fy. (2-y^/l/-4 
-y h^^r^-^y y y y h) T/l- ^ A (HI) -/i-:^ 

^y-}fy. {2-y=f-jv~-A-yv^^y^y^)yyh) 
T/w^^!>A(iii) . if^;^ (5-i/Ty-2-y5^/i^- 
8-=3^yyyyh) t/w^:=^^7A(iii) ~ju-::d-^y- 
tf;^ (5-s^Ty~2~y^/i^~8-:¥y y y y h) r 

yV5nrj7A(III) , t:^;^ (2-y^/u— 5-hyy/i^:^ 
nyf-/w~8~=^y y y y h) t/i-^=-»>a(iii) 
-':t^y-fcr;^ {2-y=f'jv-5-v^)yji^yrny^/v 
-8-=¥yyyyh) t/w?:=^i>a(iii) #TfeoTt> 

[0 0 4 2] Z,o:>m^(D'^sy.Y^%t\.X\i. #IS¥6 

- 1 1 0 5 6 9-g'^cl5icOy3i::i/VT>' hyiry^R^f^ls: 
•^#IS¥ 6-114456 -S"t-IE4fefiOx h y T y -/W:^. 

[0 0 4 31 l§5tiifimT-«i3^Ji^*iafct)0'T?fooT 

fcj:<. ::<5:)J:5?'ce##«hy;^ (8-^yyyyb) 

[0 0 4 4] *fc. iK^Stcj^;CT. ^>Vj^<t 

t> lffi(^>:3^-/uaAi|ii^ttjb^^i:/>Vjt< b t l«cOtt 

tt. 0. 0 1~2 0wt%. $e>lci40. l~15wt%i: 

[0 0 4 5] M^iiTi^. ^^-^y TiT)^-/]::''^^^^^?*/^ 

[0 0 4 6] 



[0 04 7] LTti, ^ / y Vfl 

^f*:, $b ('tis -dry y y-/^/£V^L^CD«^»f*:^^a 
Tyw5 = ^A (Alq3) trfflV^5ri;5S^if*U^ * 

[0 0 4 8] LTtt, ?fiV^:i: 

[0 04 9] :L(Dm-a-<Dm-^i:ti-i.. -ttl^tl© =^ -Y D T 

»tb/5S. 1/9 9-9 9/1. * fe,(;i&*L< Itl 0/ 
9 0-9 0/1 0. #(e:$f^L<tt2 0/8 0~8 0/ 
2 om^i^i5J;5i--r5^i::45$f* tv\ 
[0 0 5 01 

»*LV\ e^f*:6tl(Cft 1~8 Snmt-fSr L 
<. $ b(=;(t5~6 Onm, #(c:(± 5 ~ 5 Onmi-f 5 i: 

[0 0 5 11 *fc> m-m(oj^^:tmt ut«. M/jis 

t?fcoT-bj;v\ ^g^tiifi. -^mm. ^m^yt^n 

[0 0 5 21 !|#{C|g3tilt LT&*LV^ti<^fc, 

y y y -/V* fc tt-^ o^^i-f^^ SrEf4-?- tl-sr/i-^-r^ 

-;U'<>->'v'>"fk^t)^ 1 : lSS(c?l-g-Lfc?Ii-g-jl 
(C. /wyuv^co K-t:°>-^~"S)tet!K%0. 0 1~2 0 
niol% K-tV^'~'t?ttC>;4S^!f* LV^ 

[0 0 5 31 *fc. *i§Mroii«i*-/i-aAgrofifctc, 

m^^Mi^n. mx.it. wmme 3-295695 

fg. !|#M¥2- 1 9 1 6 9 4-§-^#. »M¥3-7 9 2 
^<2itf|. #M¥5 - 2 3 4 6 8 1 -S-^IB. Wii^S - 2 



3 9 4 5 5-^45^^. #M¥5 - 2 9 9 1 7 4•g■<a^^. # 
1^ 7-126225 -f-^^S. #M¥ 7-126226 
•§-^|R. #M¥8 - 1 0 0 1 7 2^-''A^. E P 0 6 5 0 
9 5 5Alt?^C|B»$^vTV^5#a*m-§•tllrfflV^5 

( F y ry-zi'v'T? >'/^v^L h y 7:t=iyvv?T$ 
i/:TPD) . 3f f^J^nar 5 t K^yVpagf*:. 

jKy^;r7*i^^-e*>5o rttfeo^b-a-titt. laro^ 

^iiv>T'b. 2aiit±^fiffflLTt>j;v\ 2msx±^m 

[0 0 5 41 iE«tJ«;CTS!:ttfeH5«-7^aA!|i 

iiSictt. hV:^ (8-dfyyy7h) Tyi'5=i'>A 
(Ai q' ) ^cos-df-y y y-yi-icfctt^coilsgff^ 

xh-=xhi.<s :i(OXo^£m^\iV}} :^ (8-^yy 

[0 0 5 5] mi-^AmmB^m^mAm tm^mmm 

V ^fc«-^ SEAJl t ll^-g-t?*T Jl 1/ ^ 5 r. t t 
5c l:-7-aAm«W-e>«T-llfo;^K)jtco:ic 
t V ^{t-g-t/rolPJ-ai-r S r. t ^ LI/ \ :i<0 i 5 ''i 

[0 0 5 6] mmELmmi*^m^;$.mLtcmc. s i 

14 5 0-1 2 0 Oimmmt-t^o f*!lflifiv ttfEOg:^& 

E c V D ffi^ (c i 19 J; V N„ 

[0 0 5 71 ^i^©*•«l■^tft®©il^b«^^ 

±;t/"X(4. Ar. He. Nj^cD/F&tt;^^^;^^* b 

v\ *fc. ;::roit±;<fp^cD*:5^^*»tt> i o o ppmi^A 
Tv J;9*f*L<{4l 0 ppmJJtT. #lc:»l ppmfiATt? 

iif-O. 1 ppmgJtffcSo 
[0 0 5 8] m±m(DW^t tXii. U< 



[0 0 5 91 it±«f4, i^-S^llV^Tii$Sr^» 

y7.yr-<''<~^t^m-fht\^. 

l~20/im, J;'3^f*L<ttl~10;ini.!|#(^2~ 

8 lira ;J5^g:tU\ :i(Di.^f£m.%(Oh(0\t. ttftlO 

[0 0 6 0] m±m\m%-^m]^\^fcm^\z.\^. 

[0 0 6 1] ;^'<-f— (4. ^•feititfflg^^J^'t^lA 

~3 0wt%. j;!9^if*L<f40. l~5wt%T?fc5o 

[0 0 6 2] mmnt LXfl. ^:SLfc^»5ig;55f* 

[0 0 6 3] mmUnt LXitmimM-t^h(DXI>t^£ 

^i^^z.tib-X'^. Aim(D^mu$'t'^. iJy 

[0064] mmK^y^j^^-m^w%msw^^t5 

[0 0 6 5] fe7^/^^-lI^c^4. iSB^Bri'X7°u-r^ 



[0 0 6 6] *fc. E L^^^*^i|SH='««mS^s?^:Pi^llX 
[ 0 0 6 7 ] SI«flf#Sffllo± 5 *3te^»l»trffi 

[0 0 6 8] Ehm^<D%^ 
[0 0 6 9] ^)tWsf{4, S*tttH:^3t»-?-J|X*;45;ft 

[0 0 7 0] /-^-f v-^^'-fl. S*&^^cS^fe:S^?«5!6bifev^ 

[0 0 7 1] *P^llXW»tt. «3te»ffro7fe®IlX;4Sig,i9 

[0 0 7 21 li)te»d3j:t;?ti^aA«i-iiJl©jii^^ttt, 

[0 0 7 3] %'SMm(r^m^\-m\m.'&^i^ti\-^t^^ i 

0"*PaiSATOJt^*i: 0 . 0 1 ~ 1 nm/ 

sec e«i:-t-5ri:W*u\ ^gg4'-eig^b 

[0 0 7 4] :itih^mmmizM^mmm^m^^^iM 



[00 7 5] L*^(4. m&m'^^</^:^mmm 

[0 0 7 6] 

[0 0 7 7] <mMmi>:ffy:^mR±\^RF:^/<y^ 

m-t:\ I T ommmmMm^ i o o nmnm $ icmmu. 

[0 0 7 8] '^k^^X\ Mffit'cllSrftofc**. SUco;^/-? 
■^iJ'gai-^L, ;:^/-?-y^JI:^0. SPaiCT. 

;^{c:ttAr SA«:^JttRF i o owi: U ^ 
^fl1t.mifi^m^^'^H^t\^. rtllCB, Al, Ga, 

In, T l*5j;lj5As;6^fea#^^n55E*<^lffi*fc(i 

a*fctt2aiJt±Sr, B, Al, Ga, In. T 1 isj; 

t/As(4. 0. 5 — 5at%. ^ft^ S'^^'/K K-fbi^ n 

[0 0 7 9] ^fctr, «j±^f*ofc:*S. N. N, 
N' , N' -Thy^y^ im-ify :r.=-/U) -1, 1' 
-\i'7ai=./U-4, 4' -i^TS.y (TPD) h ]) 
7. (8-df-/y /9 h) T/W^^I^A (Al q' ) i:ilr 
1 : ixmi^\.1t^(0\z.^ TWM^n;vfui^^, 5 m 
ol%K-7°LfctW^. ^f*<50^»a^0. 2nni/seci: 
LT4 Onni(Z)ji:$}c:^^L. ^jtgi t^^Co 

[0 0 8 0] 

[<kil 




[0 0 8 1] i^ffi^ilftofc**. v^)y^ {B- 

^yvyyh) T/w$='>A (Al q') ^mm'M& 

0. 2nni/seci: LT3 OnmOffSlC^^L-, «^aA^ 

[0 0 8 2] ^5t^^T^ Mffi^^^^o^t**. Mg • A 

g (a»J:b 10:1) 0 . 2 nm/secT- 100 

nmroii:$i;i^»L. m^aAmstt. ftiimstuT 
A 1 * 1 0 omm^vmmE Lm^^mtc. 

[0 0 8 3] mm!^:ffy:^m±m^m'^i:>'t. *ilE 

[0 0 8 4] *fc. itm-f-'^-f/^tLX. ItiE I TOJjv 
-/waASgiic, N, N' -i^^ai^/i—N, N' - 
tf:^ [N- (4-^f-/V/73i=.yU) -N-7i— /U- 

(4-T5/73in/l^) ] -1. 1' -tf7i=/U- 
4, 4' -v=T,5 0. 2nm/sec -es Onm 

C0)]II¥(-^*L. /lN-/waAJii: MJ ;^ (8-=3r/ 
y/7h) T;W5=-!>A (Alq') Sr^^ii^O. 2 
m/sec X5 OniB©*$|J:ig«PbT. It'i^aAIISI • m 

mitvftmit. ±mtmmKvxitigi^>y/u^Ym 

[0 0 8 5] ##^E L*-7-t::it:j5lt«J±S:PP*P 1 0 
mA/cm' 0:£fl:&llEib^Rofci:r5. t*e5l5<7?J:biKf-> 

[0 0 8 6] 

mmm^m±. y-^««i-^. ^j^'-iS^^jKs/ h©i§^^ 

[HSrojffiWcCm?^] 

[011 :^?&m(D^mELm^<o-'m^m^m^m::^ 

[^^^'©ml^] 
2 1 mm 

2 2 /waAMS 

2 3 mm^-^^^M 
2 4 is*i 

2 5 tt-^-ffAl 

2 6 «^^aAl;ffi 



mi] 





mm 


^^-x,_^2 S 
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